Vibrio galatheae sp. nov., a member of the family Vibrionaceae isolated from a mussel Based on genetic, chemotaxonomic and phenotypic characteristics, a novel species belonging to the genus Vibrio is described. The facultatively anaerobic strain S2757 T was isolated from a mussel collected in the Solomon Sea (Solomon Islands). Phylogenetic analyses based on sequences of 16S rRNA and fur genes indicated affiliation of the strain to a novel species. This observation was supported by a multilocus sequence analysis including sequences of the housekeeping genes 16S rRNA, gyrB, pyrH, recA and topA. In silico DNA-DNA hybridization and average nucleotide identity values comparing the genomic sequence of strain S2757 T with those of closely related type strains were lower than 23 and 82 %, respectively. The DNA G+C content of the strain was 45.3 mol%. Phenotypic and chemotaxonomic analyses clearly differentiated the strain from other Vibrio species. Hence, strain S2757 T should be considered to represent a novel species of the genus Vibrio, for which the name Vibrio galatheae sp. nov. is proposed. The type strain is S2757 T (5DSM 100497 T 5LMG 28895 T ).
Based on genetic, chemotaxonomic and phenotypic characteristics, a novel species belonging to the genus Vibrio is described. The facultatively anaerobic strain S2757
T was isolated from a mussel collected in the Solomon Sea (Solomon Islands). Phylogenetic analyses based on sequences of 16S rRNA and fur genes indicated affiliation of the strain to a novel species. This observation was supported by a multilocus sequence analysis including sequences of the housekeeping genes 16S rRNA, gyrB, pyrH, recA and topA. In silico DNA-DNA hybridization and average nucleotide identity values comparing the genomic sequence of strain S2757 T with those of closely related type strains were lower than 23 and 82 %, respectively. The DNA G+C content of the strain was 45.3 mol%. Phenotypic and chemotaxonomic analyses clearly differentiated the strain from other Vibrio species. Hence, strain S2757 T should be considered to represent a novel species of the genus Vibrio, for which the name Vibrio galatheae sp. nov. is proposed. The type strain is S2757 T (5DSM 100497 T 5LMG 28895 T ).
Members of the family Vibrionaceae are Gram-negative bacteria that are widespread in aquatic environments (Thompson et al., 2004) . Vibrios have been isolated as both planktonic and surface-associated organisms from several ecosystems, including seawater, marine sediments and animals (Thompson et al., 2004) . The number of vibrios colonizing different environmental niches can vary over orders of magnitude, depending on factors such as availability of nutrients, temperature and salinity (Takemura et al., 2014) . For instance, Vibrio species were shown to account for more than 50 % of the total microbiota during a bacterial bloom that was possibly due to an increase in the concentration of available nutrients (Gilbert et al., 2012) .
A number of vibrios have been intensively studied because of their role as pathogens (Ben-Haim et al., 2003; Faruque et al., 1998; Jones & Oliver, 2009; Ramamurthy et al., 2014) and symbionts (Nyholm et al., 2000) . In recent years, Vibrionaceae have also emerged as a reservoir of secondary metabolites with therapeutic applications, including antibacterial, anticancer and antifungal activities (Månsson et al., 2011) . Here, we report the taxonomic characterization of a strain belonging to the genus Vibrio. Strain S2757 T was isolated in 2007 from a mussel collected in the Solomon Sea (Solomon Islands) during the Galathea 3 global research expedition (http://www.galathea3.dk/uk) and was affiliated to the family Vibrionaceae based on its 16S rRNA gene sequence, as previously described (Gram et al., 2010) .
The reference type strains included in this study, namely Vibrio brasiliensis DSM 17184 T (Thompson et al., 2003a) , V. orientalis DSM 19136
T (Yang et al., 1983) , V. hepatarius DSM 19134
T (Thompson et al., 2003b) , V. tubiashii DSM 19142 T (Hada et al., 1984) , V. sinaloensis DSM 21326 T (Gomez-Gil et al., 2008) , V. xuii DSM 17185 T (Thompson et al., 2003a) and V. nereis DSM 19584 T (Baumann et al., 1980) , were obtained from the German Collection of Microorganisms and Cell Cultures (DSMZ). All strains were routinely cultivated on marine agar (MA) (212185; Difco) or in marine broth (MB) (279110; Difco) at 25 8C. Strain S2757 grew as small (2-4 mm), round, beige colonies after 48 h on MA at 25 8C.
Cell morphology of strain S2757
T was observed by means of phase-contrast microscopy (10006 magnification; Olympus BX51) and scanning electron microscopy (FEI Quanta 200 FEG ESEM) after growth in filtered MB for 24 h at 25 8C. Gram testing and catalase activity were assessed with the 3 % KOH (Gregersen, 1978) and the 3 % H 2 O 2 (Cowan, 1974) T and V. hepatarius DSM 19134 T . Bacterial suspensions were prepared in 1.5 % (w/v) NaCl using biomass grown overnight on MA at 25 8C. Inoculation of strips and plates was done in agreement with the manufacturers' instructions. The cellular fatty acids of strain S2757
T and related species were analysed as methyl esters by GC. The analysis was performed in duplicate by the DSMZ using biomass grown for 24 h on MA at 25 8C and according to the instructions of the Microbial Identification System (MIDI). Cell morphology of strain S2757
T and related species was observed on thiosulfatecitrate-bile-sucrose (TCBS, CM0333; Oxoid) agar plates. Detailed morphological, physiological and biochemical features distinguishing strain S2757
T from related species are summarized in Table 1 and in the species description. The complete list of the results of the performed tests and analyses is available in Table S2 .
Cells of strain S2757 T were Gram-negative, slightly curved rods (1.5¡0.4 mm in length) that were motile by means of one polar flagellum (0.7¡0.2 mm in length) (Fig. S1 ). Strain S2757
T was catalase-and oxidase-positive, and sensitive to the vibriostatic agent O/129. NaCl was required for growth and was tolerated up to a concentration of 8 % (w/v). Strain S2757
T grew as green, small (2-3 mm) colonies on TCBS agar. Strain S2757
T produced a-glucosidase but not acid phosphatase, N-acetyl-b-glucosaminidase or lipase. The strain could utilize D-glucose 6-phosphate and D-alanine, but not L-threonine, L-proline or sucrose. The major cellular fatty acids of strain S2757
T were summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c and/or iso-C 15 : 0 ), C 16 : 0 and summed feature 8 (C 18 : 1 v7c and/or C 18 : 1 v6c). These values were comparable to those of the closely related species; however, the fatty acid pattern of strain S2757
T was distinct due to the presence of a relatively high amount (combined 9.8 % of the total) of the fatty acids iso-C 15 : 0 , iso-C 16 : 0 and iso-C 17 : 0 compared with the patterns of the other analysed species, for which values were lower than 1.2 %. T no whole genome sequence was publicly available at the time this study was started. Therefore, high-purity genomic DNA was obtained as described previously (Sambrook & Russel, 2001 ) by repeated phenol/ chloroform/isoamyl alcohol purification steps followed by RNase treatment and DNA precipitation. Quantification was performed on a NanoDrop Spectrometer (Saveen Werner) and a Qubit 2.0 Analyser (Invitrogen).
Genome sequencing was carried out at the NovoNordisk Foundation Center for Biosustainability. Libraries of 300-400 bp were prepared and used for 151 bp paired-end sequencing by Illumina sequencing technology on a MiSeq sequencer. Data were assembled to contigs using the de novo assembly algorithm of CLC Genomic Workbench, version 7 (CLC Bio). The list of the GenBank/EBI accession numbers of the nucleotide sequences used in this study, including those generated herein, is available in Table S1 . For the in silico phylogenetic analysis, sequences of the single genes were obtained directly from the GenBank database or extracted from whole genome sequences based on their PGAP (NCBI Prokaryotic Genome Annotation Pipeline) annotation (Tatusova et al., 2013) or by BLAST search using CLC Main Workbench, version 7.6.2 (CLC Bio).
Comparison of the 1487 bp long 16S rRNA gene sequence obtained from the complete genome sequence of the new isolate with those from type strains available in the GenBank database using the BLASTN algorithm (https://blast. ncbi.nlm.nih.gov) and the Ez-Taxon-e service (http://www. ezbiocloud.net/eztaxon) confirmed that strain S2757 T belongs to the genus Vibrio, as previously established (Gram et al., 2010) . Pairwise alignment of the almost-complete 16S rRNA gene sequences was carried out using CLC Main Workbench. A phylogenetic tree was reconstructed in MEGA6 (Tamura et al., 2013) using the neighbour-joining method. The robustness of the tree topology was tested with 1000 bootstrap iterations (Fig. 1) . Based on the 16S rRNA T , sharing 98.5, 98.3, 98.2 and 97.8 % similarity, respectively. However, due to the low interspecies resolution that can be obtained in Vibrionaceae by using the 16S rRNA gene sequence (Sawabe et al., 2007) , two phylogenetic trees based on complete sequences of the recently proposed Vibrionaceae phylogenetic marker fur gene (Machado & Gram, 2015) (Fig. 2) and on the concatenated sequences of five housekeeping genes (Fig. 3) were reconstructed. These phylogenetic trees were obtained as described above and elsewhere (Machado & Gram, 2015; Sawabe et al., 2013; Thompson et al., 2005) . For the fur gene phylogenetic tree, gene sequences were obtained either by PCR-based gene amplification followed by sequencing as described previously (Machado & Gram, 2015) , or from whole genome sequences as described above. For the multilocus sequence analysis, sequences of the 16S rRNA, DNA gyrase subunit B (gyrB), uridylate kinase (pyrH), recombinant protein RecA (recA) and DNA topoisomerase I (topA) genes were retrieved from the GenBank database or from whole genome sequences, as described above. Sequences were trimmed to a common length and concatenated to a final length of 3800 bp. Both phylogenetic trees showed that strain S2757
T was clearly separated from the other analysed Vibrio species.
Whole genome sequences of strain S2757
T and closely related species were compared by DNA-DNA hybridization (DDH) and average nucleotide identity (ANI) values obtained in silico using the Genome-toGenome Distance calculator 2.0 (provided by the DSMZ; http://ggdc.dsmz.de/) (Meier-Kolthoff et al., 2013) and the ANI calculator (http://enve-omics.ce.gatech.edu/ani/) developed by the Kostas Lab (Goris et al., 2007) . All DDH and ANI values were below the thresholds used for species definition (70 % for DDH and 95 % for ANI) and identified V. tubiashii ATCC 19109
T as the closest relative of strain S2757 T , with DDH of 22.50 % and ANI of 81.13 % ( Table 2 ). The DNA G+C content of S2757 T calculated in silico using CLC Main Workbench was 45.3 mol%, which is in agreement with values reported in the literature for Vibrio species.
The results presented indicate that strain S2757 T should be classified as representing a novel species of the genus Vibrio, for which the name Vibrio galatheae sp. nov. is proposed.
Description of Vibrio galatheae sp. nov.
Vibrio galatheae (ga.la.the9ae. N.L. gen. n. galatheae referring to the name of the Danish research expedition Galathea 3 during which the type strain was isolated).
Cells are slightly curved rods, Gram-negative and motile by means of one polar flagellum. Colonies are circular, beige and 2-4 mm in size after 48 h at 25 uC on MA and round, green and 2-4 mm in size after 48 h at 25 uC on TCBS. Growth occurs in the presence of 0.5-8 % (w/v) NaCl in synthetic ZoBell medium, with optimal growth at 2-5 %. Grows at 15-40 uC, with optimal growth at 25-30 uC. Growth is observed under anaerobic conditions. Positive for catalase and oxidase and sensitive to the vibriostatic agent O/129. Reduces nitrates to nitrites, produces indole and hydrolyses aesculin. Positive for alkaline The type strain, S2757 T (5DSM 100497 T 5LMG 28895 T ), was isolated from a mussel collected in the Solomon Sea, Solomon Islands. The DNA G+C content of the type strain is 45.3 mol%. Vibrio galatheae sp. nov.
